analyses of early response of unicellular eukaryotic microorganism Tetrahymena thermophila exposed to TiO2 particles., 2015, Nanotoxicology, (2) 
. Nanoproteomics has easily found its way into the studies of nanotoxicity and some new mechanisms of interaction are expected to be revealed (Ray, 2010 ; Tilton, F o r P e e r R e v i e w O n l y
In this paper, we present the complementary study to our previous work on the effects of the 69 unicellular eukaryotic organism T. thermophila on TiO 2 -NPs (Rajapakse, 2012) . The 70 aforementioned study provided evidence that neither TiO 2 -NPs nor bulk TiO 2 particles at 71 concentrations up to 1000 µg/ml provoke adverse effects as assessed by the reactive oxygen 72 species ROS generation or lipid peroxidation. However, changes of the membrane fatty acid 73 profile were evident (Rajapakse, 2012) .
74
The aim of the study presented here is to elucidate the early response of T. thermophila to (Turkewitz, 2002) . Therefore, it is an organism of choice for 81 studying the effects of particles at both the cellular level and the level of the organism.
82
Based on the results of our previous lipidomic research, where the membrane structure of T. 83 thermophila was altered but no toxic effects were evidenced (Rajapakse, 2012) , we expect to 84 find alterations in fatty acid metabolisms also by proteomic tools. In this paper, we present the 85 quantitative analysis of the subproteom after exposure to TiO 2 -NPs or bulk-TiO 2, where most 
97
Louis, MO, USA). Bulk-TiO 2 was purchased from Merck KGaA (Darmstadt, Germany).
99

Dynamic light scattering (DLS)
Dynamic light scattering (DLS) measurements were used to determine the hydrodynamic radius, R h , of 101 particles in suspensions. Methodological aspects of the DLS technique are reported in 102
Supporting Information. Measurements were conducted using a 3D cross-correlation spectrometer 103 from LS Instruments GmbH (Fribourg, Switzerland) at 25 °C. The general idea behind the 3D cross-104 correlation mode is to suppress undesired contributions from multiple scatterings frequently 105 encountered in practical systems . For this purpose, 2 coherent incident light beams are 106 generated and the scattered light is collected by two detectors. The two scattered beams are then 107 correlated with each other. DLS measurements were conducted at an angle of 90° using a He-Ne laser 108 (Uniphase JDL 1145P, operating at a wavelength λ o = 632.8 nm) after equilibrating the samples at 25 109 °C for 15 minutes. 5 intensity correlation functions were collected at each angle and averaged. Each 110 curve was analyzed independently and compared with the averaged curve to ensure accuracy of the 111 mathematical solution. The powdered bulk-TiO 2 and TiO 2 -NPs were dispersed in poor medium (PM) 112 (Rajapakse, 2012) , each at a concentration of 200 µg/ml, using an ultra-sound water bath for 30 113 minutes to disperse particle agglomerates. The stock suspensions were diluted in PM to 0.2 µg/ml and 114 sonicated for 30 minutes. After sterilization at 121 o C and 1.1 bar for 20 minutes, 20 ml of the 200 115 µg/ml and 0.2 µg/ml bulk-TiO 2 and TiO 2 -NPs stock suspensions were diluted in 20 ml sterile PM to 116 make 40 ml of bulk or nanoparticle suspensions with final concentrations of 100 µg/ml and 0.1 µg/ml. 117
The suspensions were sonicated for 30 minutes and shaken in the incubator at 32 °C for 24 118 hours at 90 rpm. The control suspensions were not incubated with TiO 2 particles. Because the F o r P e e r R e v i e w O n l y suspensions were highly turbid, which prevented an accurate DLS analysis, they were diluted 1000-120 times and analyzed without being filtered. Samples were analyzed before and after the exposure. 121
122
Zeta potential 123 Bulk-TiO 2 and 15 nm TiO 2 -NPs were dispersed in a poor medium (PM) (Rajapakse, 2012) , 124 which was adjusted with modifications (Schultz, 1997) . A 30-minute bath sonication was used 
134
The sample preparation for ICP-MS analysis is as follows: TiO2 sample solutions were 135 dissolved in 10 mL of deionized Milli-Q water and 5 mL of concentrated H 2 SO 4 . After 136 dissolution the sample solutions were diluted to the mark with deionized Milli-Q water. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 centrifuged at 6300 x g for 10 minutes to precipitate the pellet of the cell debris and nuclei.
180
The supernatant was sedimented at 18000 x g for 200 minutes in a tabletop centrifuge. The
181
Guillemin protocol was changed to increase cytosol purity by increasing the S1 centrifugation hours using a Criterion Dodeca Cell (Bio-Rad).
208
The protein spots in the gels were visualized by staining with Coomassie Brilliant Blue G250
209
(CBB G250), and gel images were obtained using the Image Scanner (GE Healthcare,
210
Uppsala, Sweden electrospray ionization source. The peptides were eluted at a flow of 300 nL/min using a C18
233
reversed-phase pre-column (20 mm×100 µm, 5 µm particle size, NanoSeparation, The
234
Netherlands) and an analytical column (100 mm×75 µm, 5µm particle size, NanoSeparation,
235
The Netherlands). Separation was achieved with a linear gradient of (A) water and formic analyze the ESI-MS/MS spectra and perform a Mascot search, using the NCBInr database for 
Statistical analysis
257
The experiment with five treatments (control; nano-group: 0.1 µg TiO 2 -NPs/ml and 100 µg 258 TiO 2 -NPs/ml; bulk group: 0.1 µg bulk-TiO 2 /ml and 100 µg bulk-TiO 2 /ml) was conducted in 
Results
271
Characteristics of NPs in a suspension
272
Concentrations
273
The tested concentrations were selected on the basis of our previous studies and are Figure 2 and the calculated size distributions are plotted in Figure 3 . T.thermophila in a control group and a group exposed to TiO 2 particles (0.1 µg TiO 2 -NPs/ml, 326 100 µg TiO 2 -NPs /ml, 0.1 µg bulk-TiO 2 /ml, 100 µg bulk-TiO 2 /ml).
328
Results of statistical analysis
329
On average, 600 spots were detected in at least four out of five replications (gels) per 330 treatment. The cluster analysis of 25 gels, with the data for 600 spots (Fig. 5) , showed two 331 groups of gels: one group agglutinated the gels corresponding to cultures treated with 0.1 µg
332
TiO 2 -NPs/ml and in the second group gels from all the other treatments.
333
Up to 266 spots were detected in five control gels as well as in at least one other treatment.
334
The statistical analysis based on the one-way ANOVA revealed 94 spots that were Supplementary material Figure S1 and Table 3 . 
Identification of proteins
362
The differentially expressed spots selected for identification were: i) common to all four TiO 2 363 treatments (0.1 µg/ml and 100 µg/ml nano-or bulk-TiO 2 ) in comparison to the control; ii) 364 statistically significant in at least one of these TiO 2 treatments in comparison to the control.
365
We have identified two additional proteins that were differentially expressed only in TiO 2 -
366
NPs treatments but not in bulk-TiO 2 treatments, in comparison to the control gels. The (Table 3) . Interestingly, the proteome of T. thermophila exposed to the low 397 concentrations of TiO 2 -NPs (0.1 µg nano-TiO 2 /ml) differed from all other treatments (i. e.
398
with a higher concentration of TiO 2 -NPs and both concentrations of bulk-TiO 2 ) (Fig. 4, Fig.   399 5). The identified proteins were distributed into seven groups according to their function.
400
The first group of proteins, the amount of which was significantly altered due to NP exposure, was up-regulated in two different spots on the gels (Fig. 3, Fig. 6 , Table 3 ). Although these (Fig. 3, Fig. 6 , 
486
The next group of differentially expressed proteins identified in our study is associated with 487 protein degradation. The proteasome A-type and B-type family protein (Fig. 3 , (Witzmann, 2006) .
499
The other two groups of differentially expressed proteins identified in our study are associated 500 with Purine metabolism and Metabolism per se ( Table 3 ). The last identified group of proteins 501 with significantly altered levels of expression involved amino acid sequences belonging to 502 hypothetical proteins (Table 3) .
503
To summarize, the proteomic study of cytosolic cell fraction has shown that the early 
513
This issue requires further investigation. By conducting a proteomic study of the cytosolic cell 514 fraction, we have also confirmed an alteration in the use of pyruvate, which was not used for 515 energy metabolism but for the synthesis of fatty acids. This is suggested by the lack of 516 increase in ATP under the same experimental set-up and particles tested (Rajapakse, 2012) .
517
The same, 6-ph, was observed by Sohm et al. (2015) in E. coli exposed to TiO 2 -NPs. NPs caused a cellular response in E. coli indicating osmotic stress and explained that this is 528 due to the adsorption of TiO 2 -NPs onto the cell surface.
530
The novelty of our study is that we evidenced different proteomic responses to TiO 2 -NPs as 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Arabidopsis thaliana: an analysis using microarray and differential expression data. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 DLS measurements are presented as the correlation function of the scattered light intensity, G 2 (t), (t is the time on the relaxation time axis). The G 2 (t) function has the form:
where I(0) and I(t) are the scattering intensities at time t = 0 and time t, respectively.
Similarly, the correlation function of the scattered electric field, g 1 (t), is:
where E(0) and E(t) are the corresponding amplitudes. The g 1 (t) function is directly related to the diffusion coefficient, D, of a Brownian particle by:
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Zeta potential values of all tested particle suspensions before (0h) and after (24h) the exposure. Samples were dispersed in a test medium.
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